Complex pictorial information can be represented and retrieved from memory as mental visual images. Functional brain imaging studies have shown that visual perception and visual imagery share common neural substrates. The type of memory (short-or longterm) that mediates the generation of mental images, however, has not been addressed previously. The purpose of this study was to investigate the neural correlates underlying imagery generated from short-and long-term memory (STM and LTM). We used famous faces to localize the visual response during perception and to compare the responses during visual imagery generated from STM (subjects memorized specific pictures of celebrities before the imagery task) and imagery from LTM (subjects imagined famous faces without seeing specific pictures during the experimental session). We found that visual perception of famous faces activated the inferior occipital gyri, lateral fusiform gyri, the superior temporal sulcus, and the amygdala. Small subsets of these face-selective regions were activated during imagery. Additionally, visual imagery of famous faces activated a network of regions composed of bilateral calcarine, hippocampus, precuneus, intraparietal sulcus (IPS), and the inferior frontal gyrus (IFG). In all these regions, imagery generated from STM evoked more activation than imagery from LTM. Regardless of memory type, focusing attention on features of the imagined faces (e.g., eyes, lips, or nose) resulted in increased activation in the right IPS and right IFG. Our results suggest differential effects of memory and attention during the generation and maintenance of mental images of faces.
INTRODUCTION
When recalling visual information, we often see pictures in our "mind's eye." The ability to generate visual images in the absence of any retinal input is a vivid demonstration of memory and cognition in operation. Brain imaging and psychophysical studies have demonstrated functional similarities between visual perception and visual imagery, to the extent that common cortical regions and mechanisms appear to be activated by both (Roland et al., 1987; Farah et al., 1988; Goldenberg et al., 1989; Sagi, 1995, 1997a,b) . Numerous neuroimaging studies have shown that visual imagery, like visual perception, evokes activation in occipitoparietal and occipitotemporal visual association areas (Roland and Gulyas, 1995; Mellet et al., 1995 Mellet et al., , 1996 D'Esposito et al., 1997) . In some studies, the primary visual cortex (Le Bihan et al., 1993; Kosslyn et al., 1993 Kosslyn et al., , 1995 Kosslyn et al., , 1996 Kosslyn et al., , 1999 Klein et al., 2000; Thompson et al., 2001; Lambert et al., 2002) and the lateral geniculate nucleus (Chen et al., 1998) were activated during visual imagery, suggesting that the generation of mental images may involve sensory representations at the earlier processing stages in the visual pathway. Recent fMRI studies have reported category-related activation in ventral temporal cortex during visual imagery of faces and other objects, suggesting that content-specific memory traces are localized in these higher visual areas (Ishai et al., 2000a; O'Craven and Kanwisher, 2000) .
The purpose of this study was to investigate the neural mechanisms underlying visual imagery generated from short-term memory (STM) and from long-term memory (LTM). Behavioral studies have reported differential effects of visual imagery on the performance of a perceptual task: While visual recall from STM facilitated task performance, visual recall from LTM interfered with performance, indicating that imagery-induced facilitation and interference are memory-dependent Sagi, 1995, 1997a,b) . Moreover, the type of memory (short-or long-term) required for the generation of mental images seems to be a crucial factor in the V1 debate. In the vast majority of studies reporting activation in the calcarine, the imagery tasks were based on recall from STM (e.g., Le Bihan et al., 1993; Kosslyn et al., 1993 Kosslyn et al., , 1995 Kosslyn et al., , 1996 Kosslyn et al., , 1999 Chen et al., 1998; Goebel et al., 1998; O'Craven and Kanwisher, 2000; Thompson et al., 2001) . For example, prior to a letter imagery task, subjects were visually presented with those letters (Kosslyn et al., 1993) , suggesting that maintaining a trace in a short-term buffer is required for activation in V1. On the other hand, imagery tasks that required the generation of images from LTM have not found activation in V1 (Roland et al., 1987; Roland and Gulyas, 1995; Mellet et al., 1995 Mellet et al., , 1996 Mellet et al., , 1998 Mellet et al., , 2000a D'Esposito et al., 1997; Ishai et al., 2000a; Knauff et al., 2000; Gulyas, 2001) , with the exception of a recent event-related fMRI study (Klein et al., 2000) . To our knowledge, previous neuroimaging studies have not addressed the question of memory type (STM or LTM) required for the generation of visual images. We thus decided to compare, within the same subject and the same experimental session, whether similar or different cortical regions are activated during visual imagery generated from STM and from LTM. To that end, we had to use a special class of stimuli. We chose faces of contemporary celebrities, assuming that as a result of exposure to those faces in everyday life, subjects would have pictorial representations in memory that could be retrieved by way of visual imagery. Moreover, giving the same visual cue, that is, a famous name, an image could be generated from either LTM or STM. For example, one can imagine Marilyn Monroe without seeing her picture before the imagery task (LTM) or one can memorize a specific picture of Marilyn Monroe and then generate a mental image of that picture (STM).
We were also interested in the effect of focal attention during visual imagery. Functional brain imaging studies have shown that selective attention to particular attributes of visual stimuli enhanced the activity in regions of extrastriate cortex that process these attributes. For example, selective attention to shape and color increased the response in the fusiform gyrus (Corbetta et al., 1990; Clark et al., 1997) , while selective attention to speed and motion enhanced the activity in area MT (Corbetta et al., 1990; Beauchamp et al., 1997) . Motivated by the functional similarities between perception and imagery, we hypothesized that focusing attention on features of a mental image, rather than on the global configuration of that image, might also result in increased activation. Moreover, according to the model suggested by Sakai and Miyashita (1994) , visual imagery is implemented by the interactions between memory retrieval of representations stored in higher visual association areas and the effect of focal attention on early visual areas. Accordingly, we speculated that focal attention to mental images would evoke activation in the calcarine. To test these attention predictions, our experimental design included imagery conditions in which subjects had to answer questions about the faces they imagined (e.g., "big nose?"). We reasoned that to answer the questions, subjects would have to focus their attention on the relevant facial features and thus hypothesized that this focal attention would result in differential patterns of brain activity.
As we and others have previously shown, face perception is mediated by a distributed neural system in the human brain that consists of "core" and "extended" systems . The "core" system is composed of regions in the visual cortex, that is, the inferior occipital, fusiform gyri, and superior temporal sulcus (STS), which mediate the visual analysis of faces. The ventral regions in this core system participate more in the recognition of individuals (Kanwisher et al., 1997; McCarthy et al., 1997; Gauthier et al., 1999; Ishai et al., 1999 Ishai et al., , 2000b . The more dorsal regions (i.e., the STS) participate in the perception of eye gaze direction, speech-related lip movements, and expression (Puce et al., 1999; Hoffman and Haxby, 2000) . The extended system includes the amygdala, which participates in the perception of the emotional content of facial expression (Breiter et al., 1996; Morris et al., 1996; Phillips et al., 1997) . Previous neuroimaging studies of familiar faces (celebrities, personally familiar, or newly learned faces) have found activation in similar visual areas that were activated by unfamiliar faces, most consistently in the fusiform gyrus (Sergent et al., 1992; Gorno-Tempini et al., 1998; Dubois et al., 1999; Leveroni et al., 2000; Nakamura et al., 2000; Campanella et al., 2001; Gorno-Tempini and Price, 2001; Rossion et al., 2001; Shah et al., 2001) . In some reports, the direct comparison between familiar and unfamiliar faces revealed activation in an anterior middle temporal region, suggested to be the locus for the analysis of unique semantic attributes (Sergent et al., 1992; Gorno-Tempini et al., 1998; Leveroni et al., 2000; Nakamura et al., 2000; Gorno-Tempini and Price, 2001 ). We thus predicted that famous faces would evoke activation in the abovementioned regions and reasoned that the localized visual response would facilitate comparison with the response evoked during visual imagery.
We report here that visual perception of famous faces activated the inferior occipital gyri, lateral fusiform gyri, the STS, and the amygdala. Visual imagery activated small subsets of these face-selective regions. Additionally, visual imagery of famous faces activated a network of regions composed of bilateral calcarine, hippocampus, precuneus, intraparietal sulcus (IPS), and the inferior frontal gyrus (IFG). In all these regions, imagery generated from STM evoked more activation than imagery from LTM. Focusing attention on features of the imagined faces resulted in increased activation in the right IPS and right IFG, during imagery generated from both STM and LTM.
METHODS

Subjects
Nine normal, right-handed subjects (five men, four women, age 27 Ϯ 4 years), with normal vision, participated in this study. All subjects gave written informed consent for the procedure in accordance with protocols approved by the NIMH Institutional Review Board.
Stimuli
Stimuli were generated by a Macintosh computer (Apple, Cupertino, CA), using SuperLab (Cedrus, Wheaton, MD; Haxby et al., 1993) , and were projected with a magnetically shielded LCD video projector (Sharp, Mahwah, NJ) onto a translucent screen placed at the feet of the subject. The subject viewed the screen by a mirror system. Subjects were presented with gray-scale photographs of contemporary celebrities, phased scrambled pictures of faces (retaining spatial frequency information), or names of famous faces (see Appendix). The scrambled pictures were created by use of the Fourier transform with an in-house Matlab script. The phase information was then randomized and recombined with the picture's original magnitude information by using the inverse Fourier transform algorithm. All stimuli were presented in the center of the screen on a black background.
We chose scrambled faces as the control for the perception condition, to detect bilateral activation in multiple regions of the extended face perception network and not just the small regions that respond maximally to faces compared with common objects Ishai et al., 1999 Ishai et al., , 2000a . 
Tasks
Subjects performed perception and imagery tasks in a standard block design. Each condition block (21 s) began with a 1-s visual cue. Each of the five runs included the following experimental conditions, and the order of condition blocks was counterbalanced across runs: (1) Perception condition, in which famous faces were presented at a rate of one per 4 s. (2) Perception control condition, during which subjects passively viewed scrambled pictures of faces, presented at a rate of one per 4 s. (3) Imagery conditions, in which subjects were presented with famous names (0.5 s) followed by a black screen (3.5 s) and were instructed to generate vivid images of these faces. The imagery conditions were:
• Imagery from STM, in which subjects were presented with names of famous faces they had seen and memorized shortly before and were instructed to generate vivid images of the exact same faces.
• Imagery from LTM, in which subjects were presented with names of famous faces they had not seen during the experiment and were instructed to generate any vivid images of these faces.
• Imagery from STM ϩ attention (att), in which subjects were presented with names of famous faces they had seen and memorized shortly before and were instructed to generate vivid images of these faces and then answer questions about some facial feature (e.g., "thick lips?").
• Imagery from LTM ϩ attention, in which subjects were presented with names of famous faces they had not seen during the experiment and were instructed to generate vivid images of these faces and then answer questions about some facial feature (e.g., "big nose?").
(4) Imagery control condition, in which subjects passively viewed letter strings (0.5 s) followed by a black screen (3.5 s).
In a behavioral pilot conducted outside the MR scanner, a group of eight subjects performed the imagery tasks and were instructed to press a button after generating a vivid image of a face. The difference in reaction times (mean Ϯ SD in milliseconds) during imagery from STM (1141 Ϯ 472) and imagery from LTM (1059 Ϯ 390) was not statistically significant. When subjects attended to features of the imagined faces, the reaction times were longer (STM ϩ att, 1246 Ϯ 408; LTM ϩ att, 1256 Ϯ 404). The difference, however, in reaction times between the imagery conditions that did and did not require focal attention was not statistically significant.
Before the scanning session, subjects were trained with the experimental procedure and were presented with a list of famous names (see Appendix). All subjects recognized the names and reported having representations of the corresponding faces in memory. During postscan debriefing, all subjects reported generating clear and reasonably vivid images of the famous faces.
Data Acquisition
A 3-T General Electric Signa scanner with a whole head coil (IGC-Medical Advances, Milwaukee, WI) was used. Changes in blood oxygen level-dependent T2*-weighted MRI 
Note. Volumes were calculated before spatial normalization. Coordinates are in the normalized space of the brain atlas of Talairach and Tournoux (1988) . N, number of subjects in whom each region was identified. The mean for each region volume is calculated only for these subjects. Standard errors of the mean are indicated in parentheses.
TABLE 2
Common Regions Activated during both Visual Perception and Visual Imagery of Famous Faces
signal were measured using a gradient-echo echoplanar sequence (TR ϭ 2 s, TE ϭ 30 ms, FOV ϭ 24 cm, flip angle 90°, 64 ϫ 64 matrix). In each time series, 28 contiguous, 5-mmthick axial slices were obtained (voxel size, 3.75 ϫ 3.75 ϫ 5 mm). High-resolution spoiled-gradient-recalled echo structural images were also collected (124, 1.2-mm-thick sagittal slices, TR ϭ 15 ms, TE ϭ 5.4 ms, FOV ϭ 24 cm, flip angle 45°, 256 ϫ 256 matrix). These T1-weighted images provided detailed anatomical information for registration and 3D normalization to the atlas of Talairach and Tournoux (1988) .
Data Analysis
Data were analyzed using AFNI version 2.33a (Cox, 1996; Cox and Hyde, 1997) . Functional MRI scan volumes were registered to the single functional image collected closest in time to the high-resolution anatomical images (Cox and Jesmanowicz, 1999 ) and spatially smoothed in-plane with a 5-mm Gaussian filter.
The responses during visual perception and visual imagery of famous faces were analyzed using multiple regression (Friston et al., 1995; Haxby et al., 1997) with regressors related to the contrasts between famous faces versus scrambled pictures and imagery versus imagery control. Waveforms representing these effects of interest were then convolved with a canonical hemodynamic response function (Cohen, 1997) .
To identify the brain regions that responded during visual perception, voxels were selected that showed a significant effect (P Ͻ 0.0001, uncorrected) for the contrast of famous faces versus scrambled pictures. A set of ROIs was anatomically defined for each subject, including bilaterally the inferior occipital gyri, the fusiform gyri, the STS, and the amygdala. To identify the brain regions that responded during visual imagery, voxels were selected that showed a significant effect (P Ͻ 0.001, uncorrected) for the contrast of imagery versus imagery control. We chose this liberal threshold because visual imagery evokes smaller responses relative to perception, in terms of both the spatial extent of the activation and the amplitude of the fMRI signal (e.g., Chen et al., 1998; Goebel et al., 1998; Ishai et al., 2000a; O'Craven and Kanwisher, 2000) . A set of ROIs was anatomically defined foreach subject, including the calcarine, hippocampus, precuneus, IPS, and IFG.
For each subject and each ROI, a mean time series, averaged across activated voxels in the region and across all runs, was calculated. These means were used for between-subjects random-effects analyses, in which the threshold for significance was set at P Ͻ 0.05. We also performed an ROI-based analysis on the common regions that were activated during both visual perception and visual imagery (the fusiform gyri, STS, and amygdala).
RESULTS
Behavioral Data
In the scanning session, subjects were instructed to press a button during two conditions: imagery from STM ϩ attention and imagery from LTM ϩ attention, in response to the yes/no questions (e.g., "big nose?"). The mean accuracy was 96% correct. The difference in reaction time (mean Ϯ SD in milliseconds) between these two imagery conditions (STM ϩ
Imaging Data
Activation evoked by visual perception of famous faces. Visual perception of famous faces, compared with scrambled pictures, significantly activated the inferior occipital gyri, the fusiform gyri, the STS, and the amygdala (Fig. 1) . In all these visually responsive areas, we found bilateral activation (see Table 1 for cluster size and Talairach coordinates). The differences between the left and right hemispheres, in terms of both the amplitude of the response and the spatial extent of the response, were not statistically significant in the inferior occipital gyri, the fusiform gyri, and the STS. In the amygdala, the spatial extent of the activated region was larger on the right (P Ͻ 0.05). These findings extend our previous studies in which both passive viewing and delayed matching tasks of unfamiliar faces evoked activation in the inferior occipital gyri, the fusiform gyri, and the STS (Ishai et al., 1999 (Ishai et al., , 2000b . It is of interest that in our current study, passive viewing of famous faces, all with neutral expressions, evoked bilateral amygdalar activation in all subjects.
Imagery effects in visually responsive areas. Having localized the visual response evoked by famous faces, we examined the response evoked by visual imagery in these regions. We previously found that small subsets of regions in ventral temporal cortex that were activated during the perception of faces, houses, and chairs were also activated during visual imagery of these object categories (Ishai et al., 2000a) . Similarly, in the present study we found that in the fusiform gyri, the STS, and the amygdala, visual imagery of famous faces evoked activation in small subsets of the regions activated during visual perception (Fig. 2) . The size of activated cortex and the Talairach coordinates for these regions are shown in Table 2 .
We then compared the amplitude of the imagery response within the common regions that were activated during both visual perception and visual imagery (i.e., the fusiform, the STS, and the amygdala) during the four different imagery conditions. As Fig. 3 shows, imagery of famous faces generated from STM (subjects had seen and memorized the faces shortly before the imagery task) evoked more activation than imagery from LTM (subjects had not seen the faces prior to the imagery task). The difference between the amplitudes of the response during imagery from STM and imagery from LTM in each of these regions was statistically significant (P Ͻ 0.01; in each region data were pooled from both hemispheres).
Contrary to our prediction, we did not find differential effects of focal attention during imagery (i.e., when subjects had to answer questions about some features of the imagined faces) in these regions.
Finally, we observed a hemispheric asymmetry in the fusiform gyrus, where imagery evoked stronger activation on the left (P Ͻ 0.01). This finding confirms our previous report of hemispheric asymmetry during imagery of faces and other objects in ventral temporal cortex (Ishai et al., 2000a ; see also Goldenberg et al., 1989) .
Activation evoked by visual imagery of famous faces. Based on the response during visual imagery of famous faces, compared with the imagery control condition, we identified several regions of interest, including the calcarine, hippocampus, precuneus, IPS, and IFG (see Table 3 ). We present the data according to the differential effects of memory and attention during imagery, respectively.
Imagery from STM evoked stronger activation. Figures 4 and 5 show the imagery activation in the calcarine, precuneus, IPS, and IFG. Visual imagery of famous faces generated from both STM and LTM evoked activation in these regions. Interestingly, in all these regions, as in face-selective regions described above, the activation during imagery generated from STM was stronger than the activation during imagery from LTM (P Ͻ 0.01; in each region data were pooled from both hemispheres). Contrary to our prediction, when subjects were attending to specific facial features of the imagined faces, this additional attention requirement did not result in increased activation in these ROIs.
We also found activation during imagery in the hippocampus (Fig. 6) . In both hemispheres, imagery generated from STM evoked stronger activation than imagery from LTM (P Ͻ 0.001). Although the imagery from STM condition was preceded by visual presentation of the faces to be imagined, the activation was observed during the imagery epochs (i.e., retrieval) and not during encoding of those faces.
Differential effects of focal attention during imagery. Differential effects of focal attention during visual imagery of famous faces, as manifested by increased activation, were found in the right IPS and right IFG, regions previously implicated in many attention, memory, and imagery tasks (Fig. 5) . In the right IPS and right IFG, the activation evoked during the imagery conditions that required focal attention to features was significantly higher than the activation during the imagery conditions that did not require focal attention (P Ͻ 0.0001). This increased activation owing to focal attention was observed during imagery generated from both STM and LTM and was thus independent of memory type.
Visual response within the imagery network. The visual response to famous faces was defined by the contrast of perception versus perception control. This contrast was set at a significance level of P Ͻ 0.0001 (see above). When we looked at the visual response in the calcarine, hippocampus, precuneus, IPS, and IFG, we did not find significant visual activation in these regions. The imagery response, however, was defined based on the contrast of visual imagery versus the imagery control condition, with a lower threshold (P Ͻ 0.001). When extracting the amplitude of the fMRI signal within these imagery-responsive regions, we also observed some responses during the visual perception condition.
DISCUSSION
In the present study we investigated the neural systems that mediate the generation of visual images from STM and LTM and the effects of focal attention to features of visual mental images. Using passive viewing of famous faces in the perception condition, we found activation in the inferior occipital gyri, the lateral fusiform gyri, the STS, and the amygdala. Visual imagery of famous faces activated small subsets of these visually responsive regions. Moreover, visual imagery of famous faces activated a network of regions composed of bilateral calcarine, hippocampus, precuneus, IPS, and IFG. In all these regions, imagery generated from STM evoked more activation than imagery from LTM. During imagery from both STM and LTM, focusing attention on features of the imagined faces resulted in increased activation in the right IPS and right IFG.
The visual response evoked by famous faces revealed, as predicted, activation in multiple regions of the distributed neural system for face perception . Consistent with numerous neuroimaging studies of unfamiliar faces, we found activation in the inferior occipital gyri and the fusiform gyri, the extrastriate regions that mediate face recognition (Kanwisher et al., 1997; McCarthy et al., 1997; Gauthier et al., 1999; Haxby et al., 1999; Ishai et al., 1999 Ishai et al., , 2000b . We also found activation in the STS and the amygdala, regions that mediate the processing of information relevant to social communication, for example, eye gaze direction (Puce et al., 1999; Hoffman and Haxby, 2000) and facial expression (Breiter et al., 1996; Morris et al., 1996; Phillips et al., 1997) . Although our stimuli were gray-scale photographs of celebrities with neutral expressions, and the task was passive viewing, we observed amygdalar activation in all subjects. Our finding might be related to the affective component of viewing good-looking faces (see Appendix), as sug- Note. Volumes were calculated before spatial normalization. Coordinates are in the normalized space of the brain atlas of Talairach and Tournoux (1988) . N, number of subjects in whom each region was identified. The mean for each region volume is calculated only for these subjects. Standard errors of the mean are indicated in parentheses.
gested by a recent fMRI study in which "beautiful" faces evoked activation in the amygdala (Aharon et al., 2001) .
Previous functional brain imaging studies of familiar faces have used a variety of stimuli (e.g., celebrities, personally familiar faces, newly learned faces) and tasks, yet have found activation in similar visual areas that were activated by unfamiliar faces, most consistently in the fusiform gyrus (Sergent et al., 1992; Gorno-Tempini et al., 1998; Dubois et al., 1999; Leveroni et al., 2000; Nakamura et al., 2000; Campanella et al., 2001; Gorno-Tempini and Price, 2001; Rossion et al., 2001; Shah et al., 2001) . In some studies, activation was found in an anterior middle temporal region, the locus proposed for the analysis of unique semantic attributes (Sergent et al., 1992; Gorno-Tempini et al., 1998; Leveroni et al., 2000; Nakamura et al., 2000; Gorno-Tempini and Price, 2001) . It is of interest that activation in this anterior middle temporal region was found only when familiar and unfamiliar faces were directly compared. Since our experimental design did not include unfamiliar faces, and the visual response was defined by the contrast of famous faces versus scrambled faces, the lack of activation in the anterior middle temporal area in our study is not necessarily inconsistent with the above-mentioned reports.
Visual imagery of famous faces evoked activation in small subsets of the regions activated during perception, namely in the fusiform gyri, the STS, and the amygdala. Previously, we found that visual imagery of faces and other objects activated small clusters in the ventral temporal regions that showed category-related activation during perception (Ishai et al., 2000a) . Because imagery evoked activity in small portions of the regions that participate in perception, it is possible that stored information evoked by imagery is simply weaker than equivalent representations evoked by actual visual input. Alternatively, only a specific subset of cortical regions may be dedicated to mental imagery, allowing perception and imagery to operate simultaneously. Consistent with our previous report (Ishai et al., 2000a) , we did not find activation during imagery of famous faces in the ventral occipital cortex, suggesting that this cortex is less involved than ventral temporal cortex in the generation of complex visual images.
Our results suggest that sensory representations of faces stored in the lateral fusiform, the STS, and the amygdala are reactivated during the generation of visual images. The view that the neurons that "see" are also the neurons that "remember" is supported by early evidence that sensory regions in the temporal lobe are associated with memory retrieval (Penfield and Perot, 1963) . Moreover, studies in nonhuman primates have implicated the temporal lobe as the memory storehouse for visual representations of complex stimuli (e.g., Mishkin, 1982; Miyashita and Chang, 1988; Miyashita, 1988) . Finally, recent electrophysiologic and functional brain imaging studies have reported content-specific activation in sensory areas during imagery and memory retrieval (Ishai et al., 2000a; Kreiman et al., 2000; O'Craven and Kanwisher, 2000; Wheeler et al., 2000) .
Visual imagery of famous faces, compared with the imagery control condition, activated a network of regions, including the calcarine, hippocampus, precuneus, IPS, and IFG. We previously reported a similar network of regions implicated in the "top-down" control of generating and maintaining visual images of faces and other objects (Ishai et al., 2000a) . In the parietal lobe, visual imagery evoked activation in the IPS and the superior parietal lobule, regions involved in a variety of attention tasks (Nobre et al., 1997; Corbetta et al., 1998; Kastner et al., 1999; Wojciulik and Kanwisher, 1999) . Moreover, imagery activated the precuneus, a region involved in retrieval from episodic memory during memory-related imagery (Fletcher et al., 1995; Ishai et al., 2000a) . In the frontal lobe, visual imagery of famous faces activated the inferior frontal gyri, regions involved in visual working memory Petit et al., 1998) and visual imagery (Ishai et al., 2000a) . It thus appears that visual imagery of faces (and objects) may be implemented by content-related responses in small sectors of visual cortex, controlled by frontal and parietal cortical networks shared with other cognitive operations, such as memory and attention. Similar conclusions were reached in a study of motion imagery (Goebel et al., 1998) that found activation in a network composed of motion-sensitive regions MT/MST and prefrontal areas (FEF and BA 9/46) . Interestingly, we found that in all the cortical regions that responded during visual imagery (the fusiform, STS, amygdala, hippocampus, calcarine, precuneus, IPS, and IFG), the activation evoked during generation of mental images from STM was stronger than the activation evoked during imagery from LTM. When subjects were presented with specific pictures of celebrities and memorized them prior to the imagery task, the brain activity during imagery was stronger, suggesting that maintaining a trace in a "working memory buffer" for several seconds likely mediates the generation of visual images. This finding is reminiscent of previous psychophysical studies, which found that memorizing (or encoding) pictorial information presented shortly before the imagery task enhanced performance. Furthermore, this imagery-induced facilitation was mediated by a stimulus-specific short-term memory trace Sagi, 1995, 1997a,b) . An alternative explanation is that subjects generated more vivid images in the STM conditions and vaguer images in the LTM conditions. This explanation, however, is not supported by the behavioral data. Our subjects reported generating "clear and reasonably vivid" images of faces during both the STM and the LTM imagery conditions. Moreover, seeing faces before imagining them did not result in faster reaction times in the STM imagery conditions, consistent with a previous behavioral study, in which prior perception of faces failed to prime imagery of faces (Cabeza et al., 1997) . Thus, we think that the greater activation during STM imagery compared to LTM imagery is due to memory processes per se rather than the vividness of the images.
Visual imagery of famous faces generated from STM evoked bilateral activation in the hippocampus. Previous studies indicated the involvement of the hippocampus during encoding of novel faces (Haxby et al., 1996) and during the encoding of novel face-name associations (Sperling et al., 2001) , concurrent with its role in associative memory processing (e.g., Dolan and Fletcher, 1997) . Moreover, a recent fMRI study reported activation in the hippocampus during active maintenance (or rehearsal) of novel faces in working memory (Ranganath and D'Espositio, 2001 ). Finally, our results suggest that the hippocampus is also activated during the retrieval of mental images. In essence, each retrieval experience is also a reencoding experience. Thus, it is likely that during the STM imagery conditions subjects reencoded the faces they were presented with shortly before.
Contrary to our expectation, we did not observe significant effects of focal attention during imagery in the extrastriate cortex. When subjects scrutinized their mental images and attended to specific features (eyes, lips, nose) of the imagined faces, we found increased activation only in the IPS and the IFG, regions previously implicated in the control of attention and retrieval from memory. Interestingly, the differential effect of attention was stronger in the right hemisphere. This hemispheric asymmetry is inconsistent with studies of focal versus global processing, in which the left hemisphere seems to play a dominant role (e.g., Delis et al., 1983) . However, it is consistent with reports on the localization of activation during sustained attention (e.g., Pardo et al., 1990) and neuropsychological evidence that right-sided damage of parietal and frontal regions can produce neglect, a deficit in orienting attention to objects in the left visual hemifield (Mesulam, 1981) .
We found evidence for calcarine activation during visual imagery of famous faces, which is in agreement with some previous reports of activation in early visual areas (Le Bihan et al., 1993; Kosslyn et al., 1993 Kosslyn et al., , 1995 Kosslyn et al., , 1996 Kosslyn et al., , 1999 Chen et al., 1998; Klein et al., 2000; Thompson et al., 2001; Lambert et al., 2002) . Other studies, however, have not found activation in early visual areas during imagery (Roland et al., 1987; Roland and Gulyas, 1995; Mellet et al., 1995 Mellet et al., , 1996 Mellet et al., , 1998 Mellet et al., , 2000a D'Esposito et al., 1997; Ishai et al., 2000a; Knauff et al., 2000; Gulyas, 2001) . As different researchers have used different tasks and/or had different baseline conditions, it is difficult to account for the conflicting findings. We suggest that the type of memory (short-or long-term) required for the generation of mental images is a crucial factor in the V1 debate. Our results indicated that imagery generated from STM evoked stronger activation than imagery from LTM in the calcarine. Indeed, a review of the studies reporting activation in V1 revealed that the great majority of the imagery tasks were based on recall from STM (e.g., Le Bihan et al., 1993; Kosslyn et al., 1993 Kosslyn et al., , 1995 Kosslyn et al., , 1996 Kosslyn et al., , 1999 Chen et al., 1998; Goebel et al., 1998; O'Craven and Kanwisher, 2000; Thompson et al., 2001) , whereas imagery tasks based on recall from LTM have not found activation in V1 (e.g., Roland et al., 1987; Roland and Gulyas, 1995; Mellet et al., 1995 Mellet et al., , 1996 Mellet et al., , 1998 Mellet et al., , 2000a D'Esposito et al., 1997; Ishai et al., 2000a; Knauff et al., 2000; Gulyas, 2001) . It thus seems that maintaining a trace in a short-term buffer may be required for activation in the calcarine. A recent event-related fMRI study of animal imagery challenges our STM/LTM classification of activation in V1 (Klein et al., 2000) . In that study, subjects generated an image of an animal ("cat") and then evaluated the image by answering either a concrete question ("has pointy ears") or an abstract question ("is affectionate"). Although the imagery task was based on LTM, both concrete and abstract trials revealed transient activation in V1. Interestingly, this finding is consistent with a model suggested by Sakai and Miyashita (1994) , according to which focal attention to mental images would recruit V1. We did not, however, observe any differential patterns of activation owing to focusing attention on features of the imagined faces. It is unclear whether the lack of attentional effects during imagery in the calcarine was due to the content of the images (i.e., famous faces). Similarly, it is unclear whether imagery effects observed in the calcarine are attributable to the content of the images (simple geometric forms) or the effects of attention (e.g., Kosslyn et al., 1993) . Future studies are needed to investigate the interaction of memory type with attention. 
APPENDIX
List of Famous Faces
